different methods: 0.05% formalin, 41 C heat, and 0.16% ,3-propiolactone. Heatand 3-propiolactone-inactivated vaccines maintained high hemagglutinating titers in the fluid state for at least 10 months, whereas formalin-inactivated vaccines lost their hemagglutinating activity within a few hours after treatment. The hemagglutinin of fl-propiolactone-inactivated virus particles was more dense than the hemagglutinin of the parent virus particles, as determined by sucrose density gradient centrifugation. The increase in density may be due to the degradation or removal of the lipid from the virus envelope. When administered to guinea pigs, all three vaccines stimulated hemagglutination-inhibiting, complement-fixing, and neutralizing antibodies and afforded protection against a live virus challenge. Test results showed that vaccines prepared with virus propagated in concentrated suspension cultures were more immunogenic and stimulated greater serologic responses in guinea pigs than vaccines derived from monolayer-propagated virus. The (3-propiolactone-inactivated vaccine was most protective, the heat-inactivated (41 C) vaccine next, and the formalin-inactivated vaccine least potent.
In recent years, renewed interest in vaccine production for group-A arboviruses has developed (3, 6, 13, 18) due to the fact that there are continually wide-spread cases, especially with Eastern equine encephalomyelitis (EEE) viruses.
A variety of techniques has been used to prepare vaccines against arboviruses (3, 6, 11, 18) . Early in EEE vaccine development, it was shown that effective formalin-inactivated vaccines, relatively free of side effects, could be prepared (12) by using infected whole chick embryos. The procedure was modified in 1947 (16) (20) reported on the high titers of EEE virus obtained from suspension CEC. The current report describes the preparation of EEE vaccines with virus propagated in monolayer CEC and in suspension CEC and compares the immunogenic potencies of these vaccines as determined in guinea pigs.
MATERIALS AND METHODS
Virus. A mouse-brain-adapted PE-6 strain of EEE virus was used in this study. The strain was obtained originally from Cutter Laboratories, Berkeley, Calif., as sixth egg passage material.
Cell cultures. For monolayer cultures, 9-to 11-dayold chick embryos were minced by using conventional methods (15) . The resulting cell suspensions were washed two times in Hanks balanced salt solution (HBSS) and suspended to a final concentration of 4 X 106 cells per ml in Gey's tris(hydroxymethylaminomethane (Tris) growth medium, supplemented with 0.5% lactalbumin hydrolysate and 5% fetal bovine serum (Microbiological Associates Inc., Bethesda, Md.). The cell culture medium also contained penicillin (100 units/ml) and streptomycin (100 jg/ml). Cell suspensions were planted in 40-ml WHITE, BERMAN, AND LOWENTHAL volumes in screw-cap prescription bottles (32 oz) and were incubated at 37 C. After incubation for 24 hr, monolayers had formed. The growth medium was removed and the cells were washed two times with HBSS. Forty milliliters of Parker's medium 199 containing 2 mM glutamine was then added to each bottle, along with the seed virus.
Concentrated suspension cultures were prepared by the method of White et al. (20) . Essentially, cells were processed in the same manner as monolayer cultures, except that, after the final washing, cells were suspended to a final concentration of 75 X 106 cells per ml in Eagle's minimal essential medium containing 1%, glucose and 4 mm glutamine. Fifty milliliters of the cell suspensions, together with the seed virus, was dispensed into 250-ml Erlenmeyer flasks, which were then closed with rubber stoppers, agitated on a Therm-O-Shake shaker (Precision Scientific Co., Chicago, Ill.) at 200 strokes (0.5 cm) per min, and incubated at 37C.
Virus propagation and inactivation. The results of previous studies in this laboratory (20) with the PE-6 strain of EEE virus in CEC (monolayer and concentrated suspension) showed that infection with a multiplicity of 10 plaque-forming units (PFU) per cell produced the maximum quantity of infectious virus and hemagglutinin in 18 hr after infection. Thus, all results in this report were obtained by using that multiplicity and by harvesting at the 18th hr.
Before inactivation, virus suspensions were clarified by centrifugation at 2,000 X g in an International refrigerated centrifuge for 20 min and then were passed through a membrane filter (0.45 /Am pore size; Millipore Corp., Bedford, Mass.) to remove cellular debris. The following three methods of inactivation were compared.
(i) Formalin inactivation. Formalin was added to the clarified virus suspension to a final concentration of 1: 2,000 (0.05%). The suspensions were thoroughly mixed by shaking and stored at 22 C for 4 days and for an additional 10 days at 4 to 6 C with additional daily shaking.
(ii) ,B-Propiolactone. (4) , and SN antibodies were measured by the plaque reduction system in CEC as described by Dulbecco et al. (5) .
RESULTS
Vaccine preparation and assay. A pool of EEE virus propagated in suspension culture was obtained and divided into three portions. One portion was inactivated with heat, another with BPL, and the third with formalin. A formalininactivated vaccine was also prepared with virus grown in monolayer cultures to compare its immunogeniicity in guinea pigs with that of the formalin-inactivated vaccine propagated in concentrated suspension cultures.
Samples taken at regular intervals during the first 72 hr of infection were titrated intracerebrally in suckling mice. Shown in Fig. 1 are the results of such assays for residual live virus. As indicated, BPL treatment inactivated virus most rapidly (8 hr), followed by formalin (48 hr) and then 41 C heat (72 hr). Infectious virus, HA, and CF activity levels, before and after treatment by the different methods, are summarized in Table 1 . The titer of infectious virus from suspension cultures was 2 logs greater than that obtained from monolayer cultures and was correspondingly accompanied by considerably higher HA activity and a twofold increase in CF activity. All treatments completely inactivated the virus and none of the inactivation procedures affected CF on July 1, 2017 by guest http://aem.asm.org/ Downloaded from activity. However, HA activity was reduced approximately 10-fold by PBL and to below detectable levels by formalin. Original levels of HA were maintained only in those virus pools treated with heat (41 C).
Of the four vaccines tested (Table 2) , the lowest serologic responses and the least protective potencies were obtained with formalin-inactivated vaccine propagated in monolayer cell cultures. The formalin-inactivated virus pool derived from concentrated suspension cultures, compared with the formalin-inactivated virus pool propagated in monolayer cultures, elicited a two-to fourfold higher antibody response in guinea pigs; this response was accompanied by an increase (approximately 10-fold) in protective potency. The BPL and heat-inactivated virus pools derived from concentrated suspension cultures gave similar responses, and, compared with the formalin-inactivated material from the same virus pool, elicited two-to fourfold greater antibody responses and approximately five-to sevenfold greater protective potencies.
Rate-zonal density gradient centrifugation. As a result of the differences in antigenic and immunogenic characteristics of the vaccines prepared from a common virus pool, it was decided to examine untreated and treated virus preparations by sucrose density gradient centrifugation for possible physical alteration of virus particles.
Previous reports (7, 9) have shown that BPLinactivated arboviruses may have increased HA titers as a result of BPL treatment. Furthermore, it has been shown in this and other laboratories (6, 20) that formalin-inactivated arboviruses lose all of their HA activity within a few hours after treatment (Table 1) (Fig. 2) . These results are in accord with those of Aalestad et al. on the fractionation by CsCl of the Louisiana strain of EEE virus (1) . Although there were differences in the density peaks of infectious virus and HA particles, there were significant titratable virus and HA activity over a broad range of fractions. Also, plaques were relatively uniform in size and shape. From Fig. 3 , it can be seen that untreated and heat-inactivated HA particles sedimented at a density of 1.18 g/cm3, whereas BPL-inactivated particles sedimented at a density of 1 (11, 13) , and (ii) do the methods of virus inactivation have any effect on the immunogenicity of inactivated vaccines (6, 7, 11) 
